energy 


Think you know energy? Think again! 
This eye-opening guide will make you 
look at this fundamental component of 
nature in a whole new way. Zap your 
way inside and find out: 


2 how everything contains heat—even 
cold things 

:: how the Sun produces its energy 

2 the many ways that energy can 
be released 

+ what fossil fuels are 

:: how plants and animals use energy 


in extreme climates 
2 what's happening deep inside the 
Earth’s core 
2: how humans might produce 
energy in the future 


and much more! Look out for 
the spectacular fold-out pages 
that reveal and explain how 
energy changes form as it moves 
around the Earth. 
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Where did energy first come from? 

Most of our energy comes from the Sun, which powers 

our world like a gigantic battery. But where did the 

Sun get its energy from? Scientists think that all 
energy was created at the start of the universe, 

in a gigantic explosion called the Big Bang. 

No more energy has been created since 

or will ever be made in the future. 


Energy is everywhere 
Everything is either matter or energy— 
and matter (the “stuff” all around us, 
such as the water and sneakers seen 
here) is itself a type of energy. A basic 
law of the universe says we cannot 
create or destroy energy, only 
change it from one form to another. 
Everything in the world involves 
matter or energy changing from 
one form into another. 
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was driven to Earth by 
the Sun's energy. 


and blazing sunlight all contain huge 

amounts of energy. But, although we are 
surrounded by energy, there is little we 
have the means to capture and use. 
A torrential rainstorm, falling over 
a large area, would release enough 
potential energy to power a jumbo jet 
from London to New York. 


Ina single second... 


..the Sun makes enough power to supply energy to 
Earth for one million years. 


...Earth’s population uses as much energy as there is 
in 3,300 tons (3,000 metric tons) of oil. 


| ...more than 750 barrels of oil are pumped out of 
| the ground. 


| ...a single wind turbine generates enough electricity to 
make 60 cups of tea, 


Energy is often invisible 

Sometimes we can see energy, such as 

when the Sun shines or when a fire burns 
red hot. More often, though, energy is 
invisible. The blazing summer Sun has 


made these rocks hot enough to fry an egg, 
but the rocks look the same as they would 
on a cold winter's day. The heat is invisible. 


Unharnessed' energy 
Raging oceans, lightning bolts, 


Recycling energy 
Energy is never “used up”—it 
is constantly recycled into other 
forms. Trees use energy from 
sunlight to grow. Although we 
destroy a tree when we burn it, 
we don’t destroy the energy it 
contains. When the wood from 
the tree is burned, this energy is 
released as heat and light. 
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Energy of movement 
Fleas can leap an incredible 33 cm 
(13 in) - more than 100 times their 
own body length. They do this using 
‘ potential energy stored in their leg 

muscles. When they jump, their muscles turn 
the potential energy into kinetic 
energy, launching them into the air. 


ENergy/ 
in ACUON 


Anything that has potential energy can use it to do 
things. A roller coaster at the top of a hill can use its 
potential energy to race downwards and pick up speed. 
The potential energy is gradually used up, but it does 
not disappear. Instead, it is converted into kinetic 
energy. Things have kinetic energy when they are 
moving or doing something. There are five types of 
kinetic energy: electrical, sound, thermal, light, and 
the energy of movement. 
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Converting potential ene " — 4 
iRerirollemenacien eS po d ed € Kinetic energy peaks Potential energy Ride ends when : 
eae USSG alm ap : —— when car races through peaks at the top most of the j 
hills, it repeatedly converts positional ; the dips between hills. of the hills. potential energy 
potential energy into moving kinetic t Kinetic energy eames the car has been lost 
energy, and back again. However, some — up the hills, and turns back to friction. 


energy is always wasted, working against 
the forces of air resistance and friction. 
This is why the car will always lose energy 
and will, eventually, come to a halt. 


into potential energy. 


Electrical energy 
The electrical potential energy stored in 
thunderclouds is released as bolts of 
lightning that strike the ground. Each 
bolt converts some of the cloud’s 
static electricity (electrical potential 
energy) into an electric current 


+ (electrical kinetic energy). When 


Sound energy 

By pulling back the strings of a harp, 

you give them potential energy. Releasing 
them converts this potential energy into 
kinetic energy as the strings vibrate. 

The vibrating strings shake the air 
molecules all around them, carrying 

the sound energy through the air. 


a lightning bolt strikes the ground, 
it releases about as much energy 
as a medium-sized power station 
generates in one second. 
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Thermal energy 
Heat is a kind of kinetic energy - 
sometimes called thermal energy. 
When a hob burns gas, it turns 
the chemical potential energy 
stored in the gas into heat energy. 
The heat energy here causes 
the water molecules in the pan to 
move about quickly, bringing the water 
to the boil and cooking the peas. 


Light energy 
Light is another kind of kinetic energy. 
Itis made from waves of electricity 
and magnetism moving between 
| two places, along a straight line, 
| carrying energy as they go. This is 
called electromagnetic radiation 
(or, sometimes, radiant energy). 
No other type of energy travels faster 
than light, which can race seven times 
around the world in a second. 
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One-way journe 
Left ieee Sears . . When you sit by a fire, you can 
of coffee will always get Most energy arrives on Earth after a long-distance, feel the heat on your face, even if 
Saealeter at ie will but quick, trip from the Sun - 149 million km On pes 
always melt. IS 1S one ° 8 ° ° Peers = 
7 (93 million miles) in just over eight minutes. This is even, as the Sun proves, through 
empty space. This process is 


because energy travels mae : 
not the end of its journey though - once it reaches 2 | 
called radiation. Thanks to 


from order to chaos - from 

Sema a j Earth, it travels through our world, changing reckition, Greed cooks quickly in 

steam above - and never repeatedly from one form into another, until a toaster, oe toe it does 
not touch the red-hot wires. 


it finally ends up in the atmosphere as 


the other way. 
useless “waste heat”. 


Conduction 
One of the ways in which heat energy travels 


is by conduction. When a hot object, like 
a fire, touches a colder object, like a pan, Elements tum electrical 
energy into heat energy 
energy moves directly from the hot to niatcoCke tha bread 


the cold object. Atoms and molecules in 
the fire are jiggling around with violent 
energy. When they touch atoms and 
molecules in the pan, they jostle into 
them and pass their energy over. 


\ aa 
tei 
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Convection 
When you heat one part of a liquid or 
gas, it begins to swirl, spreading 
the heat throughout. This process 
is called convection. The burner at 
the bottom of this hot-air balloon heats 
only the lowest part of the air inside, but 
convection swirls the warming air upwards 
and keeps the whole balloon hot. 
OF ens 


Wire brings in 
electrical energy 
from power supply. 


= | 
Releasing energy 


When a forest fire blazes, it can destroy in minutes what 
nature took hundreds of years to create. Fire is one of 
the most destructive things in our world — but it is also 
one of the most useful. When people first discovered how 
to make fire, they found a way to release the energy in fuels, 
such as wood and coal, providing a way to keep warm 
and cook food. Today, fire helps us to generate electricity, 
power car engines and space rockets, and fuel the factories 
that make important materials such as iron and steel. 


The fire triangle 
Fires burn when oxygen, fuel, and 
heat are present. Removing any 
of these three things stops the 
chemical reaction. Fire fighters 
use this idea, called “breaking 
the fire triangle”, to put out fires. 
Spraying water stops a fire by 
removing heat, and using foam 
stops it by removing oxygen. 
All fires eventually stop 
when the fuel runs out. 


Spark provides a tiny Oxygen (O,) from 
input of energy to the air reacts with 
kick-start combustion. @ the fuel. 


+ Sam + — -O + 


J a Energy from 
“a the fuel is released. 
———. 


Fuel is made up of % Carbon dioxide (CO,) 
carbon, hydrogen, Water (H,O) is | _ is also produced, and 
produced, often emitted (released) = 


and oxygen atoms. 
as steam. into the atmosphere. 


Combustion process 
When fire burns, a chemical 
reaction called combustion takes 
place. During combustion, the fuel - Strike a match 
made mostly from carbon and Items do not catch fire by 
hydrogen atoms - burns with themselves - they need energy 
oxygen from the air. This causes to kick-start things. Striking 
the molecules to breakup and a match provides a small amount 
release the energy contained within of “activation energy” to start 
the fuel. As the atoms rearrange combustion. When you strike 
themselves, water (as steam) and ee ee be cen 
carbon dioxide are produced and the match tip aitiliie SS aneR 
released into the atmosphere. a small amount of heat. This causes 
chemicals on the match tip to catch fire 
and ignite the wooden stick. 


conduction and melts the wax at 
the top of the candle. The hot wax 
then makes a vapour that travels 
up the wick and bums, giving 
the candle its characteristic 
wavering flame. The flame gives 
off energy as heat and light. 


Ignition 
temperatures 


Match head 


160°C 
320°F 


Paper 


ie ole 
451°F 


Wood 


300°C 
570°F 


Petrol 


catches fire at 


A00'C 


750°F 


particles 
fn up into atoms 
jrogen burns 
s burn in 


an theai heat and 


Wax vapours drawn into flame 
The base of the flame vaporizes the liquid wax. 
| The vaporized wax is a mixture of gases made 
of hydrogen and carbon. Heat sweeps these 
gases up from the wick into the higher parts 
of the flame. Little or no light is produced here. 


| 
[; 
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Complete combustion 
| _,'-1© IS Most oxygen at the base of the flam 
ts . where the flame burns at its cleanest ‘ 
“ad test — almost invisibly or with a blue 

. Carbon and hydrogen from the wax bum 
Completely to form invisible carbon dioxide gas, 
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About 80 per cent of the energy people 


Derrick (driling 

H tower) supports 

use comes from coal, oil, and gas. We use feuenonne 
these “fossil fuels” in enormous quantities Gill string. 


for good reasons. They are easy to store and 
move, and the energy in them can be quickly 
released for cooking, heating, and transportation. 
Unfortunately, we are now using fossil fuels 
at an alarming rate. Some were formed before 
dinosaurs walked on Earth, but most will be 
gone by the end of this century. 
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Coal became the world’s number one 
fuel after steam engines were invented 
in the 18th century. Though less 


popular today, itis still used to make Fossil fuels are made from animals 
electricity in power stations. In the 


id-19th i and plants that died millions of 
ay a tl Centity, SIMS fie] years ago. Bacteria break down 
rapidly following the Invenuon their remains, which are squeezed 
dal Gases 2s, beneath layers of rock and slowly 
the cleanest fossil fuel, has been cooked by Earth's heat. Oil and gas z 
rs) used for heating and cooking form mostly under the sea - oil 
S since the early 20th century. 
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Buildings house the Cranes haul the drill . How fuel is extracted 
rotates the drill string, Coline crn sections and equipment : re Offshore rigs extract oil using a long, deep 
which can be more than ae , “drill string” joined together from hundreds of 

1G ken {6,mikes) long. é ; 9-m (30-ft) pipes. With a diamond bit (cutting 
— 1 blade) mounted on the end, the drill string 
bores down through several kilometres (miles) 
of rock until it reaches the oil. Oil forms under 
pressure, which causes it to squirt back up 
the hole to be piped or shipped ashore. 
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Petroleum products 
The petrol we use in our cars is made from 
petroleum (“crude oil”) drilled from the ground. 
Before we can use petroleum, it has to be refined. 
Refining separates petroleum into many chemicals, all 
based on hydrogen and carbon. Some become oils of 
different kinds, while others make plastics. A plastic 
toothbrush or rubber duck in your bathroom 
might be made from petroleum that started off 
20 million years ago in the body of a seahorse! 
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Whether you are travelling to school or to 
the Moon, engines get you there quickly 
and efficiently. Engines are amongst 


the world’s most important inventions. 
An engine is a machine that burns or 


explodes a fuel in a carefully controlled 
process that releases heat. The heat is 
then converted into kinetic energy to 


power a vehicle along. Just over a quarter 
of all the energy people use goes to fuel 
engines — transport is the world’s second 
biggest user of energy, after industry. 


Coal-powered train 
This steam engine is like 
a coal-powered kettle with 
wheels. The long cylinder at 
the front contains a water boiler, 
heated by a coal-powered furnace 
where the coal burns and releases 
its energy as heat. The heat turns 


Petrol-powered boat 

This boat's outboard motor is a simple engine, 
which burns petrol to drive the boat through the 
water. The large black petrol tank on top feeds fuel 
to a cylinder underneath. Inside the cylinder, the 
petrol mixes with oxygen from the air. This is then 
ignited by a “spark plug” to release heat energy 

in a mini explosion, driving a “piston” that makes the water in the boiler to steam, 
the boat's propeller spin. This process happens which pushes pistons back and forth 
over and over to generate the boat’s power. to turn the wheels. 


Hydrogen-powered rocket engine 
Rocket engines must produce huge amounts of 
power to launch from Earth into space. In space, 
there is no air, and so rockets have an oxygen 
tank, as well as a fuel tank, to enable 
combustion to take place. 
Rocket engines burn a 
variety of fuels - some 
use a type of kerosene 
called RP-1 (Refined 
Petroleum-1), and 
others use liquid 
hydrogen, which 
releases power 
more quickly. 


Diesel train 
Diesel engines, used in 
many modes of transport, 
are similar to petrol engines. 
Like petrol, diesel is a type of 
refined oil that is burned in 
the engine. Instead of using a 
spark plug, the diesel engine 
ignites its fuel by compressing it 
more intensely. This causes it to 7 
explode by itself under the presse, 
making diesel engines more efficient. 


Kerosene-powered jet engine :21 
A jet plane weighs 100 times more than a car, , 
and must go 10 times faster to stay in the air. 
Therefore, its engines must make more power 
much more quickly than a car engine does. 
A jet engine does just that, by sucking in 
air at the front to burn with fuel and 
release heat. This energy is then 
used to blast hot air out of the back, 
thrusting the plane forwards. 


Nitromethane-powered drag car 
Drag cars are racing cars powered by jets 

or modified petrol engines. Most “dragsters” 

burn an energy-rich fuel called nitromethane, 
which makes power three times more quickly than 
petrol. They go so fast that they are unable to take 
corners and so only race in straight lines - 

the race usually ending after a quarter of a mile. 


Powerful engines 

Typical speeds that each engine can reach for each 
mode of transport 

Outboard motor 80 km/h (50 mph) 

Steam engine 120 km/h (75 mph) 

Diesel locomotive 160 km/h (100 mph) 
Drag-car engine 530 km/h (330 mph) 

Jet engine 900 km/h (550 mph) 
Rocket engine 40,500 km/h (25,100 mph) 


From cycling and smiling to thinking and sleeping, 
everything you do uses energy. Just like the engine 
in a car, your body uses fuel and oxygen to make its 
energy —but there are no pistons and cylinders inside you. 
Your stomach turns the food you eat into a simple type of 
sugar called glucose. Your blood carries the glucose around 
your body, mixed with oxygen from your lungs. When you 
move, your muscles use the glucose and oxygen to make 
the energy they need. 


A boiled, peeled 
2 Potato contains 

bats calories (489 kj) of energy — enough 

(0 boil the water for 14 cups of tea 4 


lories 


6 a of celery Contains 6 calories 
i )) of energy, using more to 
lgest than it actually supplies 


2 chocolate biscuits contain 280 - 
(400 k)) of enerBy ~ enough to = 
you to run for 40 minutes. 


70 g (2.5 02) of beans contain 
20 calories (84 kj) of energy - 
enough to supply a mouse’s. 
energy needs for one day. 


5 medium bananas contain 
525 calories (2205 k)) of 
energy - enough for an 
hour's vigorous swimming. 


2 sli 
IC€s of steak Contain 360 Calorie 
ies 


to power 2 small car for 10 Seconds. 


- 4 ) 
Y ~ 
¥ "ge boileg 
& e 
(648 i) of is CONtaing 75 


i tain 
450 pasta twists con ~ 
09 calories (873 k)) of energy ; 
the for an hour's moderate walking. 


Energy from food 
Food stores potential energy in chemical form. 


The amount of energy we can get by eating How the body uses energy 


a particular food is measured in calories or Your body makes energy in different ways. 

kilojoules (kj). Different types of food have For a sudden burst of high energy, it uses a type 

more or fewer calories because they store of glucose stored in its muscles and liver. It can do —— 
more or less energy. With this information, this for only 15-30 minutes, however, before the ~ = 
we can ensure we eat a balanced diet to provide energy store runs out. For longer, less intense 

us with the energy we need to function and move. exercise, our bodies burn stored body fat. 


Light 23 


energy 


Ss 
as Brain cells are constantly 
active. Each brain cell uses 
twice the amount of energy 
as other body cells. 


Energy leaves the 
Sun in the form of 
light and heat. 


Carnivore (meat-eater) 


® & me 


Herbivore (plant-eater) 


sy 


Plants capture the energy 
and store it as chemical 
potential energy. 


Plants 
Energy pyramid Chemical 
Food chains work in a pyramid shape with many 
plants at the bottom and just a few carnivores at energy ; 
the top. This is because the further up the food Food contains 


chemical energy 


~ chain you go, the less food (and hence energy) Pare uyoenis 
___ femains available. A food chain cannot have more « i 
|, than four or five links, because there would not be ~~ 
"\ enough food for the animals at the top of the chain. 
Storing food 
Gila monsters, which live in deserts in the USA, can go Nour bod 
for months without eating. After a hearty meal of a rat, oe body sigies 
‘ ‘ ; the chemical energy 
mouse, frog, or bird, they store energy as fat in their from food as fat and 
long thick tails. When food supplies are scarce, they live other substances, 


\ off this store, turning the fat back into energy again. 


Muscles turn potential 
chemical energy into 
kinetic energy when 
: you move. 
Daily intake of calories 
| Hummingbird Cat Human | Elephant \ eae cea) se baraaig 
Ahummingbird consumes about | A cat consumes about A human consumes about An elephant consumes about \ powered. The energy they use has been 
transformed several times since it first 
10 300 2,500 |40,000 | 
5) ) _ that helps you to cycle today may 
calories per day calories per day calories per day calories per day have started as a sunbeam three 


y 


Hair traps heat 


C] 
i WB) S ti : i O 
Skin is designed 
to cool the body 
through perspiration, 
so heat loss 
here is high. 


We can measure how much energy is wasted by 
comparing the amount of useful work something does 

with the amount of energy in its fuel. A bicycle is extremely 
efficient because it turns about 90 per cent of the energy 
your body supplies, through pedalling, into useful kinetic 
energy. Our homes, cars, and cities are much less 
efficient. Cars waste 75-80 per cent of the fuel they 
use in generating unnecessary heat and noise. Unless 
buildings are very well insulated, their heat gradually 
escapes through the roof, windows, and walls. 
A typical home wastes 50 per cent of 

the energy supplied to it. 


Clothes help to Bie 
retain heat, with Inefficient body 


layers trapping air Your body is only about 25 per cent 
eee efficient. In other words, for every 
: 10 meals you eat, your body wastes 
the energy from seven and a half of 
them. A lot of this wasted energy is 
lost as heat, which is why wearing 
clothes to stop heat escaping in 
cold weather is so important. 
This thermogram, taken with 
a heat-sensitive camera, shows 
which parts of the body waste 
the most energy. 


Extremities like 
fingers and toes are 
colder than the rest 

of the body. 
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City waste 
An old-fashioned 
light bulb wastes around 

90 per cent of the electricity it 
uses by getting hot. A modern, 
energy-saving light bulb uses 

80 per cent less energy and lasts 
10 times longer. Installing three 
energy-saving lights in every home 
would save enough energy to 
power all the world’s streetlights. 


Waste power 
Power stations use river or sea 

water to cool down their machinery, 
wasting a huge amount of heat energy 
” 4 incooling towers like these. Even more 

energy is wasted transmitting electricity to 
the point of use. In fact, two thirds of the fuel 
supplied to a power station is wasted before 
the energy it generates reaches our homes. 


Wasting resources 
Gas is sometimes found 
in oil reserves, which can 
be dangerous as it has 
the potential to explode. 
To overcome this problem, 
4 the gas is burnt off in chimneys 
called flares. The gas wasted in 
f flares each year would be enough 
_@ to supply the entire world for 20 days. 
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Friction — useful or wasteful? 
Friction is the force at work when two things 
rub together, and it can be very helpful. 
The friction between tyres and tarmac 
keeps a car on the road when it goes round 
a corner. However, friction also wastes a 
great deal of energy. When a car travelling 
at 50 km/h (30 mph) stops quickly, its — 
brakes generate enough heat through 
friction to make several cups of tea. 


Everything we do each daylUses,a certain amount of energy 
Energy is a bit like money, which we need to save up before 
we can spend it to do things. Every day we have to balance 
the budget by saving enough energy to fund our active 
lives. That means fuelling our bodies with enough food and 
remembering to charge up our mobile phones. Sometimes 
we are very aware of using energy — after swimming or 
running, we might feel hungry because our energy is 
running low. Most of the time, though, we use energy 
without even thinking about it. 


Making breakfast 
Breakfast is an important meal because 
it replenishes the energy your body uses 
at night. If you eat a cooked breakfast, 
your body absorbs both the energy in 
the food and the heat it contains. It takes 
about 300 kj of electrical energy to toast 
six slices of bread. 


Lunchtime 
Eases eke but it 


stomach, you use energy to digest it. That 
means some of the energy in every meal is 
always used up turning the food into energy - 
when you eat lunch for 15 minutes, you use 
about 85 kj of energy. 


Walking to school 
Loaded up with energy, your body can 
now embark on the morning’s walk. 
Walking is a cheap and efficient way 

to travel and keeps your body fit and 
healthy. Walking briskly for 15 minutes 
also uses about 300 kj of energy. 


20 times more than its driver, 
and so requires at least 20 times 
more energy just to move it, let 
alone reach top speeds. A typical 
10-minute car trip uses about 

50,000 kJ of energy - much more than 
your body uses, even in a highly active day. 


Exercising the brain 

Your brain uses up to one fifth of your body’s total 
energy supply. It takes its fuel - glucose - from the 
blood vessels that run through it. Brain cells need 
twice assmuch energy as other body cells because 
they are activeuall the time in everything you do. 

Even your thoughtSiare powered by energy! Studying 
at a desk, for example, foman hour's lesson requires 
a surge of brain power using about 85 kj of energy. 


Docile exercise 
Energetic exercise Sleeping is a form of exercise too. Your 
Swimming builds your body's stamina, strength, muscles may be at rest, but your brain, 
and flexibility. It is an excellent form of aerobic heart, lungs, and other internal organs are 
exercise in which your body uses oxygen all working the night shift, keeping your 
to burn fats and glucose and release body alive. During eight hours of sleep, 
energy. Swimming for an hour uses your body uses the same amount of energy 
about 1,200 kj of energy. as it does during an hour’s swim. 
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‘COPING wien 
exuremes—e 


In December, the southern 
hemisphere faces the Sun 


From the sizzling deserts to the freezing and receives more heat. 
cold poles, Earth is a place of extremes. og actegl ss LUE 


The Sun is a vital source of energy, 


giving life to plants and animals, but ee aieanicieres 
" 3 are heated equally. 
different parts of the planet receive The northern hemisphere In September, 
experiences spring, and both hemispheres 


different amounts of solar energy. 
There is always more energy at the 
Equator than there is at the poles, 
and all places receive more energy 
in summer than they do in winter. 
Sometimes there is too much energy 
and sometimes too little, so plants ; 

F always receive more solar energy than 
and animals have developed clever fic polesieanile tiles Wisco tut 


ways of coping. In June, the northern hemisphere through more atmosphere to reach 
is heated the most and experiences the poles, and ice and snow reflect 


summer. The southern hemisphere 85 per cent of it straight back 
experiences winter. : 


the southern, autumn. are heated equally. 
The northern hemisphere 
experiences autumn, and 
the southern, spring. 


Hot and cold 
Earth is curved and spins on 
a tilt, so the tropics (near the Equator) 


Seeking sunlight 
Sunflowers can grow to be as big as dinner 
plates by absorbing the maximum amount 
of solar energy possible. As buds, 
they track the Sun through the sky 
each day, facing east at dawn and 
west at dusk. 


Huddling together 
Very little of the Sun’s energy 
reaches Antarctica. These emperor 
penguin chicks huddle together to 
save energy so that they can survive 
temperatures as low as -60°C (-76°F) 
and winds of 180 km/h (110 mph). 


Sleeping thro 
In winter, there is less solar energy, fewer plants, and therefore 

less fuel for animals. Creatures like this dormouse survive by 

hibernating. During autumn, it eats enough berries and 

seeds to double its body weight. This energy store 

keeps it alive during a seven-month sleep. 

Its heartbeat and breathing slow down, and 

its body temperature falls to save energy. 
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The SUN 


Behind the calm face of the Sun there lies a stormy secret. 
Deep inside this hot ball of gas, billions of atoms are 
smashing together, releasing energy that bubbles up 

to the surface and fires out through space. This 

violent process makes the Sun the brightest star 

that we can see. Producing energy like a giant , 
celestial power station, the Sun then blasts its 
energy in all directions. There is enough fuel 
packed inside the Sun’s core for it to last 
another five billion years. 


High-energy Sun 
The Sun is an energy factory inside a dense ball 
of gas 100 times wider than Earth. Energy made 
in the core travels through the Sun’s radiative 
zone by radiation. For the rest of its journey, 
it travels by convection through the convective 
zone to the Sun’s surface, or photosphere. 
The sunlight we see comes from the photosphere. 


The nuclear furnace 
Seen through an X-ray 
telescope, the Sun bubbles 
with fire and fury. But it does not 
make energy by burning fuel. The Sun 
consists almost entirely of two gases, 
hydrogen and helium, and works by nuclear 
power. When atoms of hydrogen smash together, 
they make helium and release energy in a process 
called nuclear fusion. Each second, the Sun’s core 
generates as much energy as 100 billion nuclear explosions. 


How the Sun’s energy travels to Earth 
The Sun’s rays contain different types of 
electromagnetic radiation, but our eyes can 
see only some of them. The invisible part of 
the Sun’s energy includes ultraviolet light, 
which causes sunbum. Unlike visible light, 
ultraviolet passes through clouds. This is why 
you can be sunburned on a cloudy day. 


Other kinds 

of radiation are 
invisible and carry 
the Sun’s heat. 


Visible light can 
be detected by our 
eyes as sunlight. 


Eruptive “arms” 


. The core is where the “ 5 
— Sun's energy is generated. Prominences are huge, glowing, 
oN Temperatures reach magnetic “arms” sticking out 
15 million°C (27 million°F). from the Sun. If they erupt, 
Ps 'y erup 
= => highly energized particles 
of matter are thrown into 


- space, which can damage 
satellites and interfere 
f The radiative with communications 
zone is the region equipment on aeroplanes. 
A where energy A prominence observed 
leaves the core. in July 2002 was more than 
— : 30 times the size of Earth. 


The convective zone 
| is the region where 
heat is carried up Solar flares usually occur 
tothe photosphere above sunspots - areas of 
Dy COUVECHON, a lower temperature where 
3 the Sun’s magnetic field 
is particularly strong. 


The photosphere is the part of 


the Sun that emits heat and Solar flares 
light. Its temperature is only The brightest features on the Sun 
about 6,000°C (11,000°F). are called solar flares, which usually 


occur above sunspots. In these 
magnetic explosions, the Sun emits 
a massive burst of electromagnetic 
radiation, including radio waves and light. 


‘On the move 


Energy makes our world go round - almost all of it comes from the Sun, plus. 
a tiny bit from inside the Earth and from the Moon. None of.this energy is ever Tie Sun’s energy supplies 
used up. Instead, it constantly moves from one-form to another until it is finally nonce monet 
released as useless “waste heat”: 


than all the people in 
the world use in a year. 


Key 
M me f 
i. lovement of energy as it is 
Eating food gives us energy transported and converted 
to grow, move, breathe, and A a> 
think, but our bodies waste ia ate Z eee 
three quarters of the energy Ny nergy released into the 
Plants use photosynthesis they consume. a atmosphere as waste heat 
to turn sunlight into stored z. es fe Cooking food makes 
chemical energy, but they only oa i. yr it safer to eat and 
convert one per cent of this e “K > — ee better tasting, but always 
energy into useful glucose. ; Chickens eat 200 g wastes some energy too. A 
: rS ~ _. (702) of food per day, % 
Fruit trees convert the Sun's making energy to stay ‘ % 
energy into food, storing sunlight alive and grow fatter! Oil refineries turn crude oil A A 
as chemical potential energy, A A into petrol, diesel, and fuel . 
that animals can eat. . for power stations, They also | 7 : Y 
A % : : make raw chemicals from Parte ural ya 
ey os csi, 75a 
oA such as plastics. 
_2/ Tankers can each carry up to Ss 
380 million litres (100 million gal) of oil - ont oe 
Pal enough to fill about six million cars. 2 


Oil rigs, gas pipes, and coal 
mines bring fossil fuels back to 

the surface so that we can reuse 
the energy stored within them. 


Petrol tankers can carry about 


0 Petrol pumps can 34,000 litres (9,000 gal) of 
im % fill vehicles with fuel at : highly refined fuel oil - enough 
Ay up to 190 litres (50 gal) ).\\\\ to fill around 1,800 buckets. 
; per minute - that’s about 
10 bucketfuls a minute. 


jane 2 GD 
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Cars burn petrol to tum stored 
chemical energy into heat and 
kinetic energy - but waste 
a lot of energy as heat. 


Weather is caused when the Sun’s 


eS, heat warms some parts of Earth alae 7 PO soe.) ee... MOVVCCCCCCCCCMCCNMOCRGEOD, » QUUUCREOCEOMEM 6006s e ees e ere cey 
4 
eee 


more than others, causing air 
movements, winds, and storms. 
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The water cycle, powered by the Sun, 
= moves water between the oceans, 

rivers, and lakes on Earth's surface, 

and the clouds in the atmosphere. 


a 
jo Hydroelectric dams 
contain turbines and < 
: generators that convert ; 
a river's potential and kinetic 
> energy into electricity. — 
4 
ad Waves get their energy 
from the winds — themselves 
& > powered by the Sun - and 
* provide useful kinetic energy 
Wave walls use turbines and for surfers! 
generators to change a wave’s 
os kinetic energy into electricity. 
~ 
y 


\ —— 
fp 
aN bh 4 - 
~ % ‘ : - Enriched uranium is = 
Ay 5 = concentrated nuclear fuel 5 
\ RY Zz made from mined uranium. — 


— Uranium mining extracts 
nuclear fuel from Earth, but 
supplies are limited and 
mining makes dangerous 
toxic waste. 


Nuclear power plants break apart atoms of uranium, 
= 6 releasing their stored potential energy to create 


= 
heat. A typical plant generates enough : all Seismic waves carry ~ \ 
electricity for 1.5 million homes. rT »shocks of energy through 
ee Earth’s crust (outer rocks) 
a during earthquakes. j 
Sox vine ‘df 


The Moon’s and Sun’s gravities pull 
ocean tides back and forth, and 

the biggest tides (“spring” tides) occur 
when the Moon, Earth, and Sun line up. 


Cities save energy by 
concentrating people, 
buildings, and transport 
together, but they still use 
most of the world’s energy. 


Fgvica are like bridges with 


turbines inside. They make electricity 
when the Moon's gravity pulls tidal 
water in and out of estuaries. 


Geothermal power stations 
tap Earth’s inner heat, making, 
hot water for buildings nearby 
and electricity to supply 
the power grid. 
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Volcanoes channel Earth’s 

. inner-energy.to.the surface 
yy as bubbling hot lava, but all 
se, the heat energy they 

*s release is wasted. 


Earth makes a tiny amountofitsOwn _ 
energy by nuclear, i pen 


ST ee 


Electric guitars use magnetism 
to detect the movements of 
their strings, and electrical 
energy to amplify (make louder) 
the sounds they generate. 


Computers can save energy, 

° by letting people e-mail or chat 
online instead of travelling, 
but they also waste energy if 
left doing nothing. 


Ls 


Geysers are like miniature 
volcanoes that meet the 
rainwater flowing down into 
Earth, producing steaming 
spouts of wasted energy. 


“— 


Electrical appliances, such as 
toothbrushes, vacuum cleaners, 
and washing machines, save 
people's energy, but still need 
electrical energy to power them. 


al re 
Trams, trains, and buses help 
people save energy, with = 
electrically powered trains 
using five times less energy to 
carry each person than a car. 


‘Nuclear 
energy 


Atoms are tiny bits of matter that everything in the world is 
made from. Atoms are built from even smaller particles, which 
are locked together by energy in the nucleus. Large atoms can 
release this “nuclear energy” by splitting apart (nuclear fission), 
while small atoms can release it by joining together (nuclear 
fusion). Although each atom contains only a tiny 

amount of energy, trillions together can 
generate huge amounts of power. 


Digging for fuel 
The fuel used in nuclear power stations 
comes from a heavy chemical element 
called uranium. This is mined as an ore 
(raw mineral) called uraninite from 
gigantic pits, like this one in Australia. 


Uraninite is a 
uranium-rich mineral 
found in the ground. 


Nuclear fuel pellets 

Uranium ore is ground up and treated 
chemically to extract the uranium, which 
is then stored as a dry powder called 
yellowcake. This is “enriched” to increase 
its uranium content, and is packaged into 
either large fuel rods or small pellets, 

like these. Each pellet contains as much 

energy as one tonne (ton) of coal. 


Nuclear fission Control rods are raised or 27, 


Nuclear power stations and nuclear bombs were Oe 
make energy by splitting atoms, with each : 
splitting atom causing others to split Thick concrete 
after it in a “chain reaction”. In a nuclear Reactor holds fuel rods shield stops Generators, powered 
bomb, this chain reaction is uncontrolled, and allows atoms radiation escaping Pins Cariee tier by the spinning 
producing a huge, devastating explosion dae PSICH, TENSEI, eee turbine, produce 
and the unmistakable mushroom penerating eanereieys | iiiding _ CESS 
cloud of smoke and gases. 
Pylons carry 
Steam flows through a3 
How nuclear k: the turbine, making it cbsiieliyite homes 
power works ae and factories. 
5 spin like a propeller. 
A nuclear power station unlocks 
the energy in a uranium rod or pellet and 


turns it into electricity. Inside the dome-shaped 
reactor, uranium atoms split and give off heat, 
which is used to make steam. The steam is then 
pumped to a separate building where it drives 
a turbine to generate electricity. 


Hot water from the Water cools after 
reactor boils water in the leaving the turbine and 
tank to make steam. is piped back for reuse. 


Nuclear accidents 
Nuclear power stations are usually safe, but, 
when they go wrong, dangerous amounts of 
radiation can escape. The world’s worst 
nuclear accident happened in April 1986, 
when the Chernobyl nuclear power station 
exploded in the Ukraine. The explosion 
hurled 100 times more radiation into the air 
than the atom bombs dropped on Japan in 
World War II. Westerly winds spread this 
“fallout” cloud (shown in pink) across Europe. 


The future for nuclear energy 
The Sun makes energy by a safer kind of 
nuclear reaction called fusion, where small 
atoms join together to make bigger ones. 


In order to make energy this way on 

Earth, the same conditions as those in Medicine and research 
the Sun need to be recreated - and Nuclear technology plays a crucial role in medical 
this experimental tokamak machine research. In a PET scan, a person’s brain is injected 
does just that. Like a giant pressure with radioactive liquid. As the liquid is absorbed, 
cooker, it heats and squeezes atoms active parts of the brain (yellow and red) give off 

so that they release their energy as more radiation than less active areas (purple and 
they fuse together into a hot soup blue). In this image, a computer has mapped these 


called a plasma. areas to show a sleeping person’s brain activity. 


Fossil fuels are dwindling, so our energy future lies 


38 
elsewhere — with renewable forms of power that will 
never run out. Renewables include solar and geothermal 
energy, wind and wave power, and biopower. Except for 


geothermal, they all get their energy from the Sun - 
so most renewables are actually indirect forms of 


solar energy. The two most familiar kinds of solar 
energy involve directly harnessing the Sun’s heat 
to warm water (called solar thermal) and its 

4 


light to make electricity (called solar electric). 


Sunlight on Earth 
A huge amount of solar energy reaches Earth. If we could 
4 ; cover just one per cent of the Sahara with solar panels, 
; ~ 4 we could make more than enough electricity to supply 
the entire world. However, this would only work 
during daylight. 


Solar-electric panels 
These “photovoltaic” panels 
~ Ty generate electricity from sunlight 
using an array (grid pattern) of 
36 separate cells. Each panel 
makes enough energy to light 
a 40-watt lamp. Panels like this 
are designed to trickle electricity 
into batteries or the power grid. 


1. Inner layer of cell catches 


ty. 
&, the Sun's energy, causing 
the electrons to jump up to 
tn 2. Electrons trickle 
the top layer. 
\ out of the panel 
into the outside 
\ circuit, carrying 
bes en \ electrical energy. 
—1 oo 
6 
Electron 
. 
4. Electrons pass _——= ——@ 


back to the bottom 
layer, completing 


the circuit. 3. Electrons flow through 


: Solar-thermal panels 
the lamp, which converts Th EG f 
electrical energy into light Se Sub PEE 


and heat. do not make electricity. ~~ 
How a solar-electric cell works Instead, they act as part of 


“Photovoltaic” means turning light into electricity. Each of the building’s hot water system. 

the photovoltaic cells in a solar panel is made from a sandwich Rather than using the Sun’s light, 

of different layers. These trap the energy from the Sun’s rays and the dark glass sheets trap its heat to warm 
Pass it to electrons in the inner layer, which flow out of the panel, a grid of water pipes inside them. The hot 


carrying electrical energy as they go to power electrical devices. water is then piped into the building below. 
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ec Developing countries 
Ae Almost a third of the world’s 
= people do not have electricity, 
ecause many di ing countries 
_— cannot afford large power stati d 
transmission lines. Solar power could change 
II that. A single photovoltaic panel can make enough electricity 
to light this small reed house in Peru. Solar panels like this are also 


g used to power telephones and street lights in developing nations. 
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Trapped heat 

Geothermal energy is one of the few types 

of energy on Earth that does not come from 
the Sun. Most of it is made by nuclear reactions 
happening inside Earth’s crust (outer rock) 

and mantle (the mostly molten rock under 

the crust). These reactions release heat 

energy that swirls up and around the mantle 

by convection, similar to how the heat from 

a stove warms a pan of soup above it. 


Nuclear reactions 
in the mantle 

generate enough 
heat to melt rock. 


Earth’s core is 
extremely hot, but 
intense pressure 
keeps it solid. 


Next time you feel cold, imagine what is happening 
160 km (100 miles) under your feet, where intense 
heat turns Earth’s inner rocks into a bubbling, molten 
soup. The heat bottled up inside Earth is called 
geothermal energy. It sizzles to the surface at weak 
points in the Earth’s crust as geysers and hot springs, 
and can blast dust and rocks high into the air when 
volcanoes erupt. Although mostly still untapped, 
engineers have found a way to harness some 

of this renewable energy to make electricity. 


Water turns to steam 
as pressure is released. 


Rain and snow trickle 
down from above. 


Trapped water, heated 
from below, squirts 
up as a geyser. 


Heat and pressure 
build up from below. 


How geysers work 
When rainwater or melted snow trickles down 
through cracks in Earth’s surface, it can meet 
heat from below, rising up through weak 
points in Earth’s crust. Trapped water boils 
quickly under pressure and starts to 
climb up other cracks. As the water 
reaches the surface, the pressure is 
suddenly released and it bursts 

into a huge fountain of boiling 
water and steam - a geyser. 


Upper mantle 
temperature is 
870°C (1,600°F). 


Volcanoes 


; iS 
When heat and pressure inside Earth alts The water collects 
build up to bursting point, the result energy and returns to the surface as hot 
is a volcanic explosion. An erupting water and steam. The steam can be used 
volcano is a spectacular release of to generate electricity, while the hot 
geothermal energy in which magma, water can be pumped to buildings 
ash, and rock gush through underground nearby. Earth has enormous reserves ss 


cracks to the surface. The magma that 
bubbles out is called lava. Flowing down 
“lava tubes” (narrow channels) outside 
the volcano, it can sometimes reach 
speeds of 30 km/h (18 mph). 


of geothermal po Sa 


Geysers 

Geysers shoot hot jets of water and steam into 
the air. Some jets last for a few seconds every 
few minutes, while others steam for a few 
minutes every few hours. More than two thirds 
of the world’s geysers are in the USA at 
Yellowstone National Park, which sits inside 
a caldera (the crater formed by a volcano). 
Nicknamed “Steamboat”, the world’s largest 
geyser is at Yellowstone, hurling a column 

of steam 90-120 m (300-400 ft) into the air. 


Mudpots 
When rain drips down through hot, 
sulphur-containing volcanic rocks, it 
turns into sulphuric acid. The acid 
eats away rocky ground, releasing clay, 
which mixes with water to form mud. 
Heated by the geothermal activity below 


i the mud boils and bubbles, giving off 


foul-smelling sulphurous burps. 


Hot springs 
Earth’s heat can make a natural hot tub for 
creatures like these wild Japanese snow 
monkeys. In winter, when temperatures 
plummet to -5°C (23°F), they keep warm 
in springs heated by volcanic rocks. Japan 
is one of the world’s most volcanic countries 
and has more than 4,000 hot springs like this. 


Blades are 35 m (115 ft) 
across and 85 m (280 ft) 
off the ground. 


The Sun is the engine that powers our weather system. It warms 
Earth unevenly, causing stormy winds that build up waves on 
the oceans, and it drives the weather that moves water between 
Earth’s surface and its atmosphere. People have been harnessing 
this kind of energy since windmills and water wheels were first used 
in ancient times. With fossil fuel supplies running out, wind and 
water power are becoming important once more - 
and as renewable energy sources, 
they will never run out. 


around 1,000 ho 


Generator, connected to 
the turbine’s spinning 
blades, makes electricity. 


Hydroelectric power 
On the Colorado River in the 
USA, the Hoover Dam produces 
the power for 1.3 million people in 
three US states - Nevada, Arizona, 
and California. Hydroelectric dams 
like this block rivers to create huge 
reservoirs. As the water from 
the reservoir falls through the dam 
to the river in front, its potential 
energy turns to kinetic energy. 
The water rushes past turbines 
that use its kinetic energy 
to generate electricity. 
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Electricity into light 
Making light was the first 
thing people learned to do 
with electricity. Thomas Edison 
(1847-1931), the US inventor 
who pioneered electric power, 
demonstrated a practical light bulb 
in. 1879. It used a thin wire filament, 
“which glowed when electricity flowed 
through it and made it hot. Four years 
later, Edison set up the USA's first 
power station in New York. Towns and 
y cities have blazed with electric light ever since. 


Electricity into motion 
This toy car contains 
a battery-powered electric 
motor-connected to 
the wheels. When you 
switch on the power, 
electrical energy flows 
in a current from 
the battery to the motor. 
The motor then converts 
this electrical energy into motion, 
turning the wheels to drive the car. 


: Electricity into sound 
— Electric guitars are louder than 
acoustic ones because they use 
electrical energy to amplify 
\ (increase) the noise they make. 
\_ When the metal strings are 
plucked, a small electric 
current is generated. This 
flows through a cable into 
an amplifier unit, which uses 
~~ _ | electricity to boost the signal. 
The amplified current powers 
the loudspeakers to make 
the guitar sound louder. 


Electricity into heat 

When electrons flow in a current through wires, 
they have to work against “resistance”, which 
tries to stop them. If there is enough resistance, 
the wire heats up. Resistance is used by cooker 
hobs to turn electrical energy into heat. 
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‘Making CloGurichhy 


You can’t power a coffee maker with coal, 

a vacuum cleaner with gas, or a computer 
with oil. But you can use all these appliances 
if the coal, gas, or oil are first converted into 
electricity. Electricity is rapidly becoming the 
world’s favourite energy source, and most of 
itis made from fossil fuels. One large power 
station can make enough electricity to supply 
more than a million homes. 


From coal to coffee 

Most power stations run on oil, gas, or 
coal, though other fuels (from uranium to 
chicken manure) can be used instead. 
The fuel releases heat, which 

boils water to create steam. 

This then drives a generator, 

and makes electricity. 


Power from gas 

Gas is the “cleanest” of the fossil fuels. 
When burned in a power station, it 
produces much less pollution and less 
than half the carbon dioxide emissions 
of a coal-fired station. 


Power from oil 

Oil-fired power stations burn heavy 
fuel-oil, and are often built close to 
petroleum refineries. A large oil-fired 
power station can make enough electricity 
to supply two million people. 


Power from coal Fuel - ch coal, 
gas, or oll here — ts 
Coal makes about 40 per cent of eae ited 


the world’s electricity - more than 
any other fuel. Almost half the world’s 
coal-fired power stations are in just 
two countries: the USA and China. 


Furnace burns the 


Cooling water 9 / 
Water can hold more heat than almost 
any other substance. In centrally heated 
homes, a loop of water pipes carries 
heat from the boiler around the house and 
back again. Similarly, in power stations, 
water moves heat from the furnace to 
the turbines, which drive generators to 
make electricity. The water is then cooled 
in giant towers and piped back for reuse. 


Chimney gives off 
waste gases, made 


A Steam turns the blades 
in the furnace. 


inside the turbine. 


Water is boiled by the 
heat from the furnace 
to make steam. 


fuel to release 
heat energy. 


Power cuts 

Electricity is so reliable that we only notice 
it when it stops working. Most power cuts 
happen after storms or severe weather. 
In 1998, an ice storm in North America 
left more than three million people without 
electricity. Ten people were killed, flights 
and trains were cancelled, and many 
homes were without power for days. 


Electricity flows from Substation reduces 
: the power station at the voltage to make 
Generator contains a high voltage to electricity safe for 
magnets and coils of wire, save power. use in the home. 


which are spun by the 
turbine to make electricity. 


ee 


In the home 

Electricity is usually there when we 
need it. Utility companies know people 
will use most power at meal-times and 
in the evenings, and more in winter 
than in summer. This information 
helps them to regulate the energy they 


Steam cools 
and condenses produce, turning power stations up 


into hot water. and down to match demand. 


Cooling tower cools 
the hot water for reuse. 


Canada produces 52% 
more than it uses. 


Producers and consumers 
On this world map, the coloured-in areas show how 
much energy certain countries or continents make. 


50. 


oe % 
- Ir The outlined areas show how much energy they 
o on use. Where coloured areas spill over the outlines, 
= tee! ah, those countries make more energy than they use. ! 
[ Where the coloured areas are inside the outlines, a 
Ser | 


the countries use more energy than they make. I 


The USA, including 
Alaska, uses a third 
more than it produces. 


The UK produces 
11% more than it uses. 


France uses twice as 
much as it produces. 


_ Oil pipeline 

| Oil and gas are transported 

‘S87 | across land in pipelines like this 

cit, if SES / one, which snakes 1,300 km 

. / (800 miles) over Alaska. On its 

journey, it crosses three mountain 

ranges and more than 800 rivers 

and streams. Half the pipeline is on 

stilts to stop the hot oil inside melting 

the frozen ground beneath. 


energy 
in Our W/O 


The world is an energy-hungry place. However, supplies 


a South America 
produces 42% In total, Europe 

more than it uses. uses 16% more 

than it produces. 


Steely yi 


eee 


of oil, gas, and coal are not evenly distributed, which means Coal mining 
that some countries produce more than they need, while others Some of the world’s biggest coal mines are in 
need more than they can produce. Energy-rich countries sell ge cbr el acs paras 
their fossil fuels to energy-poor ones, with pipelines and ships carly ha country’s electricity. These giant 
carrying oil, gas, and coal to wherever they are needed. : mines use the world’s biggest trucks, a ao 

. . the capacity to carry more than 400 tonnes (tons, 
Renewable energy, such as wind and hydroelectric power, Sead: The weal Brdect pradiiceesol Cosl ars 


enables some countries to produce more of their own energy. China, followed by the USA and India. 


Germany uses 
twice as much 5 
as it produces. Offshore wind farm 
Wind farms can occupy huge areas of 
landscape, so turbines built at sea are 
becoming increasingly popular. One of the 
world’s largest offshore farms, located 17 km 
(10 miles) off the coast of Denmark in the 
North Sea, has 80 separate wind turbines 
arranged in neat rows. Each turbine makes 
two megawatts of power - enough to supply 
the energy for 2,000 homes. 


The Russian Federation 
produces 60% more 
than it uses. 


The Korean Republic 
(South Korea) uses 
six times more than 
it produces. 


5 China uses Japan uses five 
oo as much as times more than 
it produces. 


it produces. 
‘ My 
rT I" I Solid areas show 


energy production 


il India uses 


The Middle East 21% more than 
produces almost three it produces. 
times as much as it uses. 


OkKeyline areas show 
energy consumption 


Australia produces twice 


North Africa produces as much as it uses. 


almost three times as 
much as it uses. 


South Africa produces 
nearly a third more 
than it uses. 


Hydroelectric power 
The world’s largest hydroelectric plant is being 
built at the Three Gorges Dam on China’s Yangtze 
River. When the dam is completed, its 26 huge 
turbines will make more than 18,000 megawatts 
of power, producing the same amount of energy 
as 10 large nuclear power stations. 


-aoe|d ul 9q 
“9SN Ul JOBUO] OU 
‘sadid uapoom piQ : = 


-aunssaid Japun 
si asnedaq sadid 
jayjests e JO} YSnoud o8Je] JO nosy) smo) sed) 


WJOM e JO} Y8Noud |JeWS - (J OZ) W 9 0} 
(UI 7%) WO Z jNOGe WO Ja}OWEIP U! BdUeI 


Sadid *|29}$ JO ‘ajaJ0U09 ‘ansejd Woy opew 


ase sadid mau ‘Aepoy “Sunjea| pue SuNsns 0} Wa} Jo sasind : wy > 
auodd SI Jey) jeuajew e ‘uo! Jseo Aq padejdas Sel eenatel bers 
1 Jeu} |elsoy 1}; q pose} auoyd jo sun Aes 


SOPLD9P SAIAJNS 0} YBNO} aq JsNW sadig 


uNoJSJapuN sadi ee :, . 
P' P' Id “sawwes8osd A 21920 9 Vy ¢ 


Aused (Sauim apisut 7 
SQJIM) Sa]qed |eIxeOD, : yy Pagers - 


“aunssaud Aq Buoje ’ F 
paysnd so Ayes Aq 5 
sadid Suoje paynd si save, / 


‘ws sadaap sadid yodsuey pue ‘Jadaap 
Anysis sadid sayem um ‘aoens au) 
JEU UNL Sa\qed SUONedIUNWWOI2|2} 
PUe Saul] JAMOd *S2|Ged pue sadid jo 
YOmJaU asUap e BuO|e syed dneWa}sAs fi, : 

« ‘AY JO} (ONSe| 
QJOW SMo}|O} ABuaUa ‘puNosBapUN, be e ‘ see Peri 


sujed K352uU3 a | Aineay ase Sajqeo Jamo 


"J20} JNO yyeouaq Wajsks poseuew a4} 
WO} Ad Je} e ase ABJQUA JO SJUDLUOAOW 
WOopues Yons “s|je9 aUOYd Op se ‘Je OU) 
Ysnosy) Ajqisiau! dez sowweJsoJd o1pes pue AL 
‘08 Aay) se A8Jau2 SNaUNy OJU! POO} SUIUIN} 
*SUONDAUIP ||@ UI PUNOLe [IW aj\doaq ‘UOOW pue 
‘PUNOS ‘Jeay O}U! Jan} SUJOAUOD jNogGe WOOZ 
SJED “afl] pue Adsaua YIM WAY sjaas AID 
J2A9| 399.95 


*J2AQ| JBONIS MOjaq (1} 000‘L) W OOE 0} dn 
aq Ued sadid sadaap ay] ‘Papedu SI }! BJOYM 0} J| 7) (O) 
PUNOJSJOPUN |aAeJ} 0} Sey AdJaUS OS ‘papMosO pue 


‘= mov 


Asnq ase sease Ueqsn ‘pasn si A3Jau9 S_pJOM 3u} 
JO JSOW BJOYM ‘SAID PU SUMO} U! SAI] S91JJUNOD 


padojaaap ul ajdoad Jo ssaysenb-aaJuy) Uey} dJO\ 
"294 INOK YJeEaUaQ PIJOM Jayjoue s,dJay} 
‘K3JQU9 YIM BUIZZNG pue Sodid UM pexded 


“Aep e JQUUN} Jo 


(4 0SZ) W Sz Bip ued sity 
axl] ouIysew y “Aeme papynys 
pue auIyseW 24) PUIYsqG 
UMOJU} Qe JEU} [IOS PUe S490J 
Aeme Suunoos ‘a}nulw e sown 
|esanas suids apeiq SuNjNo Juels e 
‘QUIYDEW DY} JO UOJ} OU} IY “SUIEJ} 
PuNoJBJapuN JO} sjauuN} pue sadid 
}so83Iq 34) ZIP 0} pasn aie ‘,sajow,, 
JO ‘(SINGL) SaUIyoe| Suog jauUNL 
sajow Suljjauuny 


@ dy] SJAUUM) aU) U 


JO} yayod sit Ay s} yorum ayy Sulssasdwos sules Aq 


~ (S/S2|!W 000‘98 1) S/W 000'00E O} dn 


— A8Jaua JO Pury Jajo Aue vey} Ja}se} 
sjanes} WYBI] “sojqed dNdo-asqy Ul }YBI| JO 
sasind BuaxoI} Se 399} JNOA JopuUN Jane} 
sjeUsIS JOUJO}U] PUe ‘AJ aI]Ged ‘auoYda|a] 

2}qeo ondo-aJql4 


Pajesauad si eay aye 


“JUAW2AOW JO 
ABJQUS BY} OVU! 
ABsaua |ed1Nj99}9 
SJ9AUOD JO}E|C9S9 


“20eJINS SY} 0} > 


wajshs xajdwos e ysnosy) 
JI YIM pay ae SWa}shs 
yodsuey punosssapun 


“Keme Mol aysem axew 
0) Ayiaes8 Jo Jamod au} 
asn sadid ademas 


“sodid aJow |je)su! 
0} a0eds 


aJaym ‘punoJ8Japun 
Jadaap vane pie} 

2q 0) ney |IM 
“Qunyny ay) UI sadig 


“punoss ay) Mojaq 

(4 000'L) W OO ae 
AUD OA MON U! sadid 
Jayem ysodaep ay, 


“ABJQUA |e91N}99|9 
YUM ules) ay) SJaMod 
‘syoes ay] UaMaq 

uappiy ‘Hes jeou23 


‘The futun 


Fossil fuels were made millions of years in the past and provide 
80 per cent of our energy in the present. But that must change 

in the future as they are causing a problem called global warming, 
which is changing our planet. Using fossil fuels pollutes cities and 
increases world tensions, because some countries have less fossil 
fuels than others. By 2025, it is estimated that industrialized 
nations will use a third more energy than they do currently, 

and developing countries, twice as much. To avoid an y 4 
“energy crisis”, we need to realize that energy is one 
of the most precious things in our world - 

and use it more wisely. 


Wind cowls save 
energy by using 
outgoing, stale air 
to warm incoming, 
fresh air. 


Sun's heat. 


| 
\ Se 
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Heat from 
the Sun 


warms Earth. Some heat escapes 


Sun from Earth. 


Global warming 

Gases in Earth’s atmosphere, including carbon dioxide 

and methane, trap the Sun’s heat, warming our planet like 

a greenhouse. Burning fossil fuels gives off carbon dioxide, 

causing it to build up in the atmosphere and increase the “greenhouse 
effect”, making the planet hotter. This is called global warming and will 
have a dramatic impact on Earth’s weather, causing climate change. 


ae 


Carbon-neutral buildings 
This factory in Freiburg, Germany, 
makes 25 per cent of its power using 
large solar panels, and the rest from 
a rapeseed-oil biopower plant. Since 
all its energy comes from renewable 
sources, its carbon dioxide intake and 
emissions are balanced, so it does not 
add to global warming. Buildings like 
this are described as “carbon neutral”. 


Remote power stations supply most of our 
electricity, two thirds of which is wasted 
travelling the distance to reach us. The 
solution to this is “micro-power”, with 
each building making some of its own 
energy with small wind turbines like 
these, solar panels, or biopower plants. 


Solar-powered car 

Sunraycer, a futuristic solar car, won a race travelling 
3,140 km (1,950 miles) at speeds up to 113 km/h 
(70 mph). It makes all of its own energy from solar 
panels attached to its body. These charge 

batteries inside the car to power 

an electric motor that 
drives the wheels. 
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There are more 
than 500 million cars 


Transportation 
uses more than 
50 per cent of 


on Earth — one for every Australia is _ A bus emits the world’s oil. 
13 people. By 2040, the world’s leading 10 times less 
there will be twice exporter of coal. carbon dioxide than 
as many. a car on a short 
journey. 
The Middle East 
supplies almost a third ae 
of the world’s oil. An energy-saving light 
More oil comes from bulb lasts 10 times longer 
Wind power Saudi Arabia than from Each electricity than an ordinary one 
is the world’s fastest- any other country. generator in the and uses one fifth as 
growing source Hoover Dam weighs much energy. 
of energy. more than four fully 
loaded jumbo 
China’s population is jets. 
four times bigger than 
the USA's, but China People in Africa 
There ce uses less than half the BaclAciallise more 
much heat trapped COeteyg than three quarters of 
inside the Earth that the world’s wood fuel. 
temperatures in More than half of it is 
the core can : used for cooking or 
reach 7,000°C Recycling an home heating. 
(12,600°F) aluminium drinks can 
: ; saves enough energy to 
Canada has a plentiful power a television for 
geothermal potential but, three hours. 
as yet, none has 
been utilized. 
One basketful of imported 
: food creates more carbon 
The Space Eye ome dioxide on its journey than 


Shuttle’s main engine 
makes four times more 
energy than the Hoover 

Dam’s hydroelectric 
plant. 


in Manhattan, New 
York, can have their 
homes heated by 
steam that flows up 
from underground 


pipes. 


an average family’s cooking 
creates over six months. 


Nuclear power 
stations are so 
controversial that it 
can take more than 
10 years to plan, 
design, and 
build one. 


There is enough 
concrete in the 
Hoover Dam to build a 
pavement 1.2 m (4 ft) 
wide around Earth at 
the Equator. 


In 1879, Thomas 


Edison — the pioneer 
of electricity - said, 


“We will make 


electricity so cheap that 
only the rich will burn 


candles?’ 


Denmark burns 
more than half its 
waste to make 
electricity, which is 
more than any other 


Up to 70 million 
barrels of oil are 
pumped from the 
ground each 
day. 


country. 


Old Faithful 
geyser in Yellowstone 
National Park can 
release 32,000 litres 
(8,400 gal) of water 
in a single eruption, 
lasting up to 
4.5 minutes. 


:57 
Some estimates : 
suggest that about 
40,000 people worldwide 
may eventually die from 
the pollution produced by 
the Chernobyl nuclear 
explosion of 1986. 


You could fit 
200 trillion uranium 
atoms on the head 


Although fossil 
fuels are running out, they 
are expected to provide 
90 per cent of world energy 
by 2020, compared to 
70-80 per cent today. 


The USA has 


of a pin. 


Switching off a 
computer screen 
overnight saves 
enough energy to 
print 800 pieces 
of paper. 


The USA produces 
more than a third of 


the world’s geothermal 


power - more than 
any other country. 


more coal reserves 
than any other country. 
Some of its coal mines 
are more than 300m 


(1,000 ft) deep. 


If world energy use 
continues to grow at its 
current rate, global energy 
consumption will double 
by 2035 and triple 
by 2055. 


One in four 


people worldwide 
has no access 


to electricity. 


France makes 
78 per cent of its energy 
with nuclear power - more 
than any other country - 
but the USA has the most 
nuclear power plants - 
103 of them. 


You can make 
electricity by incinerating 
rubbish, but you need 
to burn four times more 
rubbish than coal 
to release the same 
amount of energy. 


In 1903, 
Thomas Edison 
electrocuted an elephant 
called Topsy with a rival's 
electricity generating 
system to prove that it 
was more dangerous 
than his own. 


Oil is currently 
the world’s favourite 
fuel, supplying around 
35 per cent of our 
energy. Coal comes next 
at 24 per cent and 
gas is third at 
21 per cent. 


The world’s 
biggest solar power 
station at Espenhain, 
Germany, has 33,500 solar 
panels and makes enough 
electricity to supply 
1,800 homes. 
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Ethanol 
A type of alcohol that can be 


produced from plants and used 
to power diesel engines. 


Explosion 
A rapid release of energy that 
generates a large, expanding 
volume of gas, moving at 
very high speeds. 


‘Glossary 


Cylinder 


Carbon dioxide 
A strong metal container inside 


Absolute zero 


The lowest theoretically possible 
temperature (-273.15°C or 
-459.67°F). At absolute zero, 
atoms and molecules have 
zero kinetic energy. 


Air resistance 

The force of the air that pushes 
against moving objects, causing 
them to lose kinetic energy. 


Atom 

The smallest part of a chemical 
element that can exist. An atom 
is made from a central nucleus 
with electrons orbiting around it. 


Bacterium (plural bacteria) 
A single-celled, microscopic 
organism that lives in huge 
numbers in all available habitats, 
such as in soil, water, and 

the human body. 


Big Bang 
The explosion that is believed to 
have started the Universe about 


13.7 billion years ago. 


Biodiesel 


The gas that is produced 
when fuels'containing, hydrogen 
and carbon burn in the air. 
Carbon dioxide builds up in 
the atmosphere, contributing 
to climate change. 


Climate change 

The change to Earth’s weather 
patterns, including a gradual 
warming of temperature, caused 
by burning fossil fuels. 


Combustion 

A chemical reaction in which 
a fuel burns with oxygen to 
produce carbon dioxide and 
water, giving off heat energy. 


Conduction 

The way in which heat energy 
passes directly between two 
objects that are touching. 


Conservation of energy 
The theory that energy can never 
be created or destroyed, only 
converted into different forms. 


Convection 


an engine where fuel burns to 
felease energy. 


Derrick 
The tower from which an oil 
rig’s drill is suspended. 


Efficiency 

A measurement of how much 
energy. something uses well and 
how much,it wastes. An engine 
that is 40 per cent efficient uses’ 
only 40 per cent of the energy 
from its fuel and wastes the rest. 


Electricity 

A form of energy involving 
charged particles, either as 
a current or stored statically. 


Electron 
A tiny particle that can carry 
electrical energy through 
cables and wires, and 
causes magnetism. 


Emissions 
The waste gases that are 
released when fuels are 
burned. Carbon dioxide 


Fibre optics 

The usevofthin.glass fibres 
to transmit light signals. 
The light travels along 
the fibres in straight lines. 


Force 

A pushing or pulling action 
that can change an object's 
shape or the way it moves. 


Fossil fuel 

A fuel, such as oil, gas, or 

coal, that is formed over millions 
of years from the remains of 
plants and animals. 


Friction 

The rubbing force between two 

objects that are in contact. The 
friction, between a car tyre and 
the road causésythe. car to lose 
kinetic energy and slow down. 


Fuel 
Material burnt as a source 
of energy to provide heat, 
power machines, or produce 
a nuclear reaction. 


Atype of fuel made from 
materials such as soya beans or 
recycled vegetable oils, that can 
be burned in a diesel engine, 


Biomass 
Plants, such as straw and willow 
trees, that are grown deliberately 


to be used as fuel. 


Calorie 
A measurement of how much 
energy something contains, often 
used to compare foods. A calorie 
(which is short for kilocalorie) is 
equal to 4.185 Joules of energy. 


The way in which heat energy 
swirls gradually through a gas 
or liquid. 


Cooling tower 
A chimney attached to a power 
station that cools water for reuse. 


Crust 
The rocks that make up 
Earth’s outer surface. 


Current electricity 

A type of electricity that 
carries electrical energy around 
a closed path or circuit. 


emissions are one of 


the causes of global warming. Gasohol 


A mixture of ethanol and 
petrol used as a fuel to 


Engine 
power motor vehicles. 


A machine that burns fuel 
to release heat energy and 


provide mechanical power. Generator 


A machine packed with coils 
of wire and magnets that spin 


Entropy 
around and generate electricity. 


The idea that all energy 
travels in the same 
direction - from order to 
chaos, and never the other 
way. All energy ends up as 
chaotic waste heat. 


Geothermal 

A type of heat energy 
made by hot rocks inside 
Earth’s crust and mantle. 


Geyser 
A spout of hot water and steam 
that emerges from weak points in 
Earth’s surface, and is powered by 
the planet's geothermal energy. 


Global warming 
The gradual warming of Earth’s 
atmosphere and oceans. Global 
warming happens because of 
a build up of carbon dioxide in 
the upper.atmosphere, caused 
by burning fossil fuels. 


Glucose 
A type of sugar used to store 
and transport energy inside 
animals and plants. 


Heat 

Energy stored by atoms 
and molecules vibrating 
inside an object. 


Heat death 

A theory that suggests that 
the Universe will eventually run 
out of useful energy, like 

a battery gradually running flat. 


Hydroelectricity 
A method of making electricity 
by channelling water from 
a river through a turbine 
er a generator. 


lation 
aterial that surrounds an 


it can flow into or out of it. 


ject to reduce the heat energy 


Mantle 
The thick layer of molten rock in 
between Earth’s crust (outer rock) 
and core (inner rock). 


Matter 
A physical substance that has 
mass and occupies space. 


Methane 
A gas made from carbon and 
hydrogen that can be burned 
as fuel. 


Molecule 
A collection of two or more 


A machine that converts 
energy into movement. Most 
motors generate a spinning 
motion that can power 

another machine. 


Nuclear fission 

A process that makes energy 
by splitting the centre (nucleus) 
of a large atom. 


Nuclear fusion 
A process that makes energy 
by joining toget 
small atoms (or 
of atoms). 


Nucleus 


Photovoltaic 
A type of solar panel that makes 
electricity from sunlight. 


Piston 

A plunger that moves inside 

a cylinder, converting heat energy 
into mechanical energy to power 
a machine. 


Potential energy 
The energy stored by an object, 
which can be used later. 


Radiation 


off. The Sun’s radiant energy is 
amixture of light and heat. 


A source of energy that wi 
run out, but will be replaced. 


Resistance 

The opposition to an electric 
current in a circuit, which results 
in some of the energy being lost 
as waste heat. 


Solar energy 
The energy that comes from 
the Sun. 


Spark plug 
The part of an internal 
combustion engine that 
produces the spark to 
ignite the fuel mixture. 


Static electricity 
A type of electricity that 


A type of electromagnetic energy 
that objects such as the Sun give 


builds up in one place, such as 


Thermal energy 61 
Another way of describing i 
heat energy. 


Turbine 
A machine that spins around when 
a gas or liquid passes through it. 
Windmills, wind turbines, and 
water turbines are examples. 
A turbine can drive a generator 
to make electricity. 


Ultraviolet 


A type of electromagnetic 


An open channel in Earth’s crust 
that allows molten rock (lava) to 
pour out during an eruption. 


Waste heat 

The energy wasted when 
something does not work 
efficiently. Car engines, power 
stations, and the human body 
all waste some of the fuel they 
consume as waste heat. 


Water cycle 
The circulation of water 
between Earth’s surface 
and its atmosphere. 


Watt 
A measurement of how quickly ? 
something uses energy. One watt 
is equalto using one Joule each 


surement of energy. 
A kilojoule is 1,000 Joules and 
a megajoule is one million Joules. 


Kinetic energy 

The energy something has 
because it is moving or converting 
stored potential energy into 
another form. 


Magma 
The molten rock inside 
Earth’s crust and mantle. 


mography 
(PET) involves injecting 
a radioactive substance into 
a patient. This substance is 
picked up by a scanner to 
create a three-dimensional picture 
of part of the human body. 


Photosynthesis 

A chemical reaction inside plants 
that uses sunlight to turn water 
and carbon dioxide into food. 


the electricity in a thundercloud. 


Substation 

A small electricity plant that 
converts the high-voltage 
energy from a power station 
into lower-voltage power 
for homes and offices. 


Temperature 
A measurement of how hot 
or cold something is. 


second. A 100-watt lamp uses 
100 J of energy every second. 


Wind chill 

The way temperature feels cooler 
because the wind is blowing and 
removing heat energy. 


Yellowcake 
A type of concentrated 
uranium powder made during 
the production of nuclear fuel. 
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